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XX. Expenmenfs and Ohfervations on the Dijfolutton of Metals 
in Acids^ and their Precipitations ; with an Account of a new 
compound acid Menjiruuni^., ujeful in fome technical Operations^ 
of parting Metals.- By James Keir, £y^. F. R* & 



Read May 20, 179a, 

N the following Paper, I intend to relate two fets of experi^ 
ments ; one, fhewing the effefts of compounding the vitriolic 
and nitroUrS acids in dijfohing metals ; and the other, defcribing 
fome curious appearances which occur in the precipitation of 
fiver Jrom its folution in nitrous acid by iron^ and by fome other 
fuhjiances. In a fubfequent Paper I hope to continue the fubje£tc 
of metallic diffolution ^ and precipitation^ firft, by adding fome 
experiments on the quantities and kinds of gas produced by 
diffolving different metals in different acids, under various cir« 
cumilances ; fecondly, by fubmittipg certain g^#^r^//>rt?/<2/^//a;^j'j, 

'^ The Englifh word folutlonXxz^ two figniiications in chemiftry ; one, expref- 
five of the adt of diffolving, as when we fay,, that ^« foiution is 2c chemical 
«^ operation;" a-nd the other, denoting^the fubflance diffolved in its folvent, as 
«« a folution of filver in nitrous, acid." The. French language is equally equi- 
yocal, as the word '* diffolution" is ufed in both the above-mentioned fenfes. In 
treating on this fubjea, in which both meanings were very frequently required, 
fometimes in the fame fentence, I could not but be fenfible of confufion^ in the 
%ie, and I have therefore confined the word /£»/^//V« to exprefs the fubftance 
diffolved- together with its- folvent^ and- the word dijjolutionio denote the ad of 
diffolving, 

which 
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which feem deducible from the fiids related \ and, laftly, by 
concluding with foaie reflexions relative to the theory of metallic 

'hlution and precipitation^ 




FART L 

On the ejects of compounding the vitriolic and nitrous acids ^ unde. 
various circumfiances^ upon the difoluiioH of metals* 



SECTION FIRST. 

On the mixture of oil of vitriol and nitre. 

t. The properties of the feveral acids, in their feparate 
ftates, have been inveftigated with confiderable induftry and 
fuccefs ; and thofe of one conapound, aqua regis^ are well 
known on account of its frequent ufe in dilTolving gold : yet 
not only various other combinations of different acids remaiti 
to be examined ; but alfo the changes of properties to which 
thefe mixed acids are fubjefl, from the difference of circum- 
ftanceSji efpecially thole of concentration^ temperature, and of 
that quality which is called, properly or improperly^ phlogijii^ 
cation^ are fubje<3:s ftill open for enquiry. 

2. As I fhail have frequent occafion to fpeak of the phlogifti-^ 
cation and dephlogljiicution oi acids^ 1 wilh to premife, that by 
thefe terms I mean only certain fates or qualities of thofe 
bodies, but without any theoretical reference. Thus vitriolic 
acid may be faid to be phlogiilicated by addition of fulphur or 
other inflammable matter, by which it is. coiiverted into ful- 
phureous acid, without determining Whether this change be 
6 caufcd 
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caiifed by the addition of the fuppofed principle phlogi/fon^ as 
one fet of philofophers believe, or bj the aclion of the added 
inflammable fubftance in dravTing from the acid a portion of 
its aerial principle, by which the fulphur, its other element^ is 
made to predominate, as others have lately maintained. It 
were much to be wiihed, that we had words totally uncon- 
nefted with theory ; that chemlfts, who differ from each other 
in fome fpeculative points, rriay yet fpeak the fame language, 
and may relate their fafts and obfervations, without having our 
attention continually drawn afide from thefe to the different 
modes of explanation which have been imagined. But at pre- 
fent we have only the choice of terms between words derived 
from the ancient theory, and thofe which have been lately 
propofed by the oppofers of that theory. In this dilqmma I 
have preferred the ufe of the former, not that 1 wifli to (hew 
any predileflion to either theory, but becaufe that fyftem, hav- 
ing long been generally adopted, is underftood by all parties ; 
and principally becaufe, by ufing the words of the old theory, I 
am at liberty to define them, and to give fignifications expref- 
Xive merely of fads, and of the adual flate of bodies ; whereas 
the language and theory of the antiphlogiftic chemifls being 
interwoven and adapted to each other, the former cannot be 
diverted of its theoretical reference, and therefore feems inap- 
plicable to the mere expofition of fads, but ought to be 
referved folely for the explanation of the doSlrines from which 
this language is derived. Thus by the definition which I have 
mentioned of phlogijiication^ this word expreffes not the pre- 
fence or exiflence of an hypothetical principle of inflammabi- 
lity; but a certain well-known quality of acids and of othec 
bodies, communicated to them by the addition of many adual 
iBflammable fubftances. Thus nitrous acid acquires a phlo- 
VoL. LXXX« B b b gifticated 
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gifticated quality bj addition of a little fpirit of wine, or by 
diftillation with any inflantimable fubftance. 

3. No two fubftances are more frequently in the hands of 
chemifts and artifls than vilrioltc acid znd nUre^ yet I have 
found, that a mere mixture of thefe, when riiuch concen- 
trated, poffeiTes properties which neither the vitriolic acid nor 
the nitrous, of the fame degree of concentration, have fingly, 
and which could not eafily be deduced, a priori, by reafoning 
from our prefent knowledge of the theory of chemiflry. 

4. Having found by fome previous trials that a mixture 
Gompofed of nitre diflblved in oil of vitriol was capable of 
diflblving filver eafily and copiouily, while it did ^ot^ afFeft 
copper, iron, lead, regulus of cobalt^ gold, and platina, I 
conceived, that it might be ufeful in fome cafes of the parting 
of lilver from copper and the other metals above mentioned ; 
and having alfo obferved, that the difiblvijig powers of the mix- 
ture of vitriolic and nitrous acids varied greatly in different 
degrees of concentration and phlogiftication, I thought that ^11 
inveftigation of thefe effedts might be a fubjed fit for philo- 
fophical chemiftry, and might tend to illuftrate the theory oF 
the difTolution of metals in acids. With thefe views I made 
the following experiments, 

5. I put inte a long necked retort, the contents of which^,. 
including the neck, were 1400 grain meafures^ 100 grain 
meafures of oil of vitriol of the ufual denfity at which it i& 
prepared in England, that is, whofe fpecific gravity is to that 
of water as 1,844 ^^ ^9 and ico grains of pure and clean 
nitre, which was then difFolved in the acid by the heat of a 
water- b^h. To this mixture 100 grains of ftandard lilver 
were added ; the retort wss kt in a water bath, in which the 

watef 
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water was made to boll, and a pneumatic / apparatus was 
applied to catch any air or gas which might be extricateil. 

The filver began to diflblve, and the folution became of ^ purple 
or violet colour. No air was thrown into the inverted jar, except- 
ing a little of the eommpn air of the retort, by means of the ex-* 
panlion which it fuffered from the heat of the water^barh, an^ 
from fbme nitrous fumes which appeared iti the retort, anc! 
which having afterwards Cdndenfed, occafiotied the Water to 
rlfa along the neck of the retort^ and mix: with the folution. 
The remaining filver Was theil feparated and weighed, and it 
was found that 39 grains had been dilTolved ; but probably 
rnore would have been diffblved if the operation had not been 
interrupted by the water rufliing into the retort. 

6. In the fame apparatus 200 grains of ftandard filver were 
added to a mixture of 100 grahis of nitFe previoufly diflblved 
In iod grain-meafiare^ of oil of vitriol ; and in this fblvent pa 
grains of the filver were diffolved^^ without any produCtidn of 
air or gas. The folution, which was of a violet colour, hav- 
ing beeh poured but of the retort while Warm (for with fb 
large ^proportion of nitre, fuch mixtures, efpecially aftet 
having diffolved filver, are apt to congeal with fmall degrees of 
cold)v, in order to fepar ate the Utldiflolved filver from if, and 
having been returned into the retort without this filver, 1 
poured aoo grains of water into the retort, upon which a ftrong 
effervefeence took place betv^eeil the folutiott and the Watery 
and 31^6 grdin*mealures df nitrotis gas Were thrown inta the 
inverted jar. Upoti pouring 200 grains more ^f water into the 
retott, 60a grain^meafures of the fame gas wete expelled. 
Further additions of water yielded no more gas; neither did 
the filver^ when afterwards ^dded to this diluted foltition, give 

fi b b % Any 
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any fenfible efFervefcencej or fuffer a greater lofs of weight 
than two grains. 

7. In the fame apparatus loo grains of ftandard filver were 
expofed to a mixture of 30 grains of nitre diffolved in 200 
grain-meafures of oil of vitriol; and in this operation, 80 
grains of filver were diffolved, while at the fame time 4500 
grain-meafures of nitrous gas were thrown into the inverted 
jar. When the undiflolved lilver was removed, 200 grains of 
water were added to the folution, which was of a violet co- 
lour, and upon the mixture of the two fluids an efFervef- 
cence happened ; but only a few bubbles of nitrous gas were 
then expelled. 

8. In the fame apparatus 100 grains of ftandard filver were 
expofed to a mixture of 200 grain-meafures of oil of vitriol, 
200 grains of nitre, and 200 grains of water ; and in this 
operation 20 grains of the filver were diffolved without any 
fenfible emiffion of air or gas, 

9. In thefe experiments, the copper contained in the ftandard 
filver gave a reddifh colour to the faline mafs which was formed 
in the folution, and feemed to be a calx: of copper interfperfed 
through the fait of filver. I perceived no other difference 
between the effeds of pure and ftandard filver diflolved in thia 
acid. 

10. I then expofed tin to the fame mixture of oil of vitriol 
and nitre, in the fame apparatus, and in the fame circumftances, 
taking care always to add more metal than could be diflolved,. 
that, by weighing the remainder, the quantity capable of beirig 
diflolved might be found, as I had done with the experiments oix 

■ * 

filver: and the refults were as follow. 

11. No tin was diflolved nor calcined by the mixtures in the 
proportion of 200 grain-meafures of oil of vitriol to 200 grains 

of 
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of nitre ; nor by another mixture in the proportion of 200 
grain-meafures of oil of vitriol to 150 grains of nitre, and 
confequently no gas was produced in either inftance. 

12. With a mixture in the proportion of 200 grain-meafures 
of oil of vitriol and 100 grains of nitre, the tin began foon to 
be afted on, and to be difFufed through the liquor; but no 
extrication of gas appeared until the digeftion had been con- 
tinued two hours in boiling water; and then it took place, and 
gave a frothy appearance to the mixture, which was of an 
opaque white colour, from the powder of tin diffufed among 
it. In this experiment the quantity of tin thus calcined was 
73 grains, and the quantity of nitrous gas extricated during 
this adlion on the tin was 8500 grain-meafures. Then, upoa 
pouring 200 grains of water into the retort, a frefli effervef- 
cence took place between the water and the white opaque mafs, 
and 4600 grain-meafures of nitrous gas were thrown into the 
inverted receiver. 

13. With a mixture in the propprtipn of 100 grain-meafures 
of oil of vitriol to 30 grains of nitre, 30 grains of tin were 
diflblved or calcined, and the nitrous gas, which began to be 
extricated much fooner than in the laft mentioned experiment 
with a larger proportion of nitre, amounted to 6300 grain- 
meafures. Water, added to this folution of tin, did aot pro- 
duce any effervefcence. 

14. With a mixture in the proportion of 200 grain-meafures 
of oil of vitriol, 200 grains of nitre, and 200 gralna of w^ater^ 
133 grains of tin were afted on with an effervefcence, which 
took place violently,, and produced 65O0 grain-meafures of 

nitrous gas* 

15. The leveral mixtures above mentioned ,^ in different pro-- 
portions of nitre and oil of vitriol^ did, by the help of the 
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heat of the water-^bathj calcine mercury into a white or greyifh 
powder. Nickel Was alfo partly calcined and partly diflblved by 
thefe mixtures. I did not perceive that any other metal was 
affefted by them, excepting that the furfaces of fome of them 
were tarni(hed. 

i6. Thefe mixtures of oil of vitriol and nitre were apt 
to Congeal by cold, thofe efpecially which hdd a large propor^ 
tion of nitre. Thus, a mixture df lODo grain-meafures of oil 
of vitriol and 480 grains of nitre, after having kept fluid 
feVeral days, in a phial hot fo Accurately flopped as to prevent 
altogether the efcape of fome white fumes, congealed 
at the temparature of 55"^ of Fahrenheit's thermometer; 
whereas fome of the fame liquid, having been mixed with equal 
parts of oil of vitriol^ did not congeal with a lefs cold than 45^ 
The congelation is promoted by expofure to air, by which 
white fumes rife, and moifture may be abforbed^ er by any 
other mode of flight dilution with water. 

i^. Dilution of this cottipound acid>, With more or lefs 
WatBr, alters conilderably its prDperties, with regard to its 
^£tion on metals. Thtis it has been obferved, that in its concen* 
trated flate it does not aft otl ironi but, by adding water, i^ 
acqliires a |)Ower of ailing m that met^l, and with different 
effect, according to the prbj^ottion of the water added. Thus^ 
by adding to two meafures of the compound acid one meafura 
6f Water, the lit|uor is fendei'ed capable of calcining iron, and 
forming with It a white powder, but without effervefcence. 
With ah equal tneafure of Water efervefcence was prodweed. 
With a larger proportion of w^ter the iron gave alfb a brown 
colour to the liquor, fuch as phlogiflicated nitrous acid acquires 
fioiti iron, 6t cdmfcatmltates to a folution of martial vitriol in 
Wateh' 

1 8. Dilution 
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18; Dilution with water renders this corn pound aeid capable 
of diflblving c6pper and %im, and probably thofe other metall 
which are fubjeft to the action of the dilute vitriolic or nitrous 
acid^i 



S E C T I O N S Jg G O N D* 

An account tf a new procefs for feparatmg Jilver from copper^ 

19. The properties of this liquor, in diilblving filver aafily 
without afting on copper, have rendered it capable of a very 
lifeful application in the arts. Among the manufa^ures at 
Birmingham, that of making vefi'els of filver plated on cop- 
per is a very coniiderable one. In cutting out the rolled plated 
metal into pieces of the required forms and fixes, there are 
many flireds, ox fcraps as they are called, unfit for any purpofe 
but the recovery of the metals by feparating them from each 
other. The/eafieft and moft oeconomical method of parting 
thefe two metals, fo as not to lofe either of them, is an dbjefl; 
of fome confequence to the manufadurers. For this purpofe 
two modes were pradtifed ; one, by melting the whole of the 
mix:ed metals with lead, and feparating them by eliquation and 
tefting; and the fecond, by diiTolving both metals in oil of 
vitriol, with the help of heat, and by fepafating the vitriol of 
copper, by diffolving 1|, in water, from the vitriol of filver^ 
which is afterwards to be reduced and purified* In the firfl* of 
thefe methods, there is a confiderable wafte of lead and cop- 
per ; and in the fecond, the <jijantify of vitriolic acid employed 
is very great, as much more is diffipated in the form of volatile 
vitriolic, or f ulphureous acid^ than remains in the compofition c/f 

the two vitriols. 

r Some 
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Some years ago, I communicated to an artift the method of 
effeduig the feparation of filver and copper by means of the 
above-mentioned compound of vitriolic acid and nitre; and, as 
I am informed, that it is now commonly pradifed by the ma- 
nufadurers in Birmingham, I have no doubt but it is much 
more c^conomical, and it is certainly much more eafily executed 
than any of the other methods : for nothing more is required 
than to put the pieces of plated metal into an earthen glazed 
pan ; to pour upon them fome of the acid liquor, which may 
be in the proportion of eight or ten pounds of oil of vitriol to 
one pound of nitre; to ftir them about, that the furfaces may 
be frequently expofed to frefti liquor, and to affifl the a6lion by 
a gentle heat from loo^ to 200"" of Fahrenheit's fcale. 
When the liquor is nearly faturated, the lilver is to be precipi- 
tated from it by common fait, which forms a luna cornea, eafily 
reducible by melting it in a crucible with a fufficient quantity 
of pot-a(h ; and, laftly, by refining the melted filver, if ne- 
ceflary, with a little nitre thrown upon it. In this manner the 
filver will be obtained fufficiently pure, and the copper will 
remain unchanged. Otherwife, the filver may be precipitated 
in its metallic flate, by adding to the folution of filver a few 
of the pieces of copper, and a fufficient quantity of water to 
enable the liquor to a£i: upon the copper. 

The property which this acid mixture pofTeffes of difTolving 
filver with great facility, and in confiderable quantity, will 
probably render it an ufeful menflruum in the feparation of 
iilver from other metals 1 and as the alchemifls have diflin- 
guifhed the peculiar folvent of gold under the title of aqua 
regis^ a name fufficiently diflindive, though founded on a 
fanciful allufion ; fo, if they had been, acquainted with the 

properties 
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properties of this compound, they would probably have be- 
flowed oa It the apperiation of aqua regin^. 



SECTION THIRD 



^he change of properties communicated to the mixture of vitriolic 

and nitrons acids by phlogifiication^ 

20. The above-defcrlbed compound acid may be phlogifti* 
cated in different methods, of which I fhall mention three. 

I ft, By digefting the compound acid with fulphur by means 
of the heat of a water-bath, the liquor diflblves the fuiphur 
with effervefcencej lofes its property of yielding white fumes ; 
and if the quantity of fulphur be fufficient, and if the heat 
applied be long enough continued, it exhibits red nitrous 
vapours, and affumes a violet colour, 

adly, If, inftead of diffolving nitre in concentrated vitriolic 
add, this acid be impregnated with nitrous gas, or with nitrous 
vapour, by making this gas or vapour pafs into the acid, this 
compound will be phlogifticated, as it contains not the entire 
nitrous acid, but only its phlogifticated part, or element, the 
nitrous gas^ without the proportion of pure air neceflary to 
conftitute an acid. This impregnation of oil of yitriol with 
nitrous gas or nitrous vapour was firft defcribed, and fome 
of the properties of the impregnated liquor noticed, by Dr. 
Priestley. See Experiments and Obfervatlons on Air, VoL 

IIL p. 129 and 217. 

3dly, By fubftituting nitrous ammoniac inftead of nitre in 

the mixture with oil of vitrloL 

21. The compound prepared by any of thefe methods, but 
efpecially by the firft and fecond, differs confiderably in its 

Vol. LXXX. C e e properties 
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properties with regard to its a6lion on metals from the acid de-* 
fcribed in the firft feSion. It has been obferved^ that the 
latter compound has little a£lion on any metals but filver, tin^ 
mercury, and nickeL On the other hand, the phlogifticated 
compound not only a£l:s on thefe, but alfo on feveral others. 
It forms with /r<9;a a beautiful rofe-coloured folution, without 
application of any artificial heat; and in time a rofe-coloured 
faline precipitate is depofited, which is foluble in water with 
conliderable effervefcence. It diflblves copper^ and acquires 
from this metal, and alfo from regulus of cobalt^ %in€^ and 
leady pretty deep violet tinges. Bifmiith and regulus of anti^ 
mony were alfo attacked by this phlogifticated acid. 

To afcertain more exactly the efFeds of this phlogifticated 
acid on fome metals, I made the following experiments, with 
a liquor prepared by making nitrous gas pafs through oil of 
vitriol during a conliderable time. 

22. To 200 grain-meafures of the oil of vitriol impregnated 
with nitrous, gas, put into a retort vtnth a long neck, the capa- 
city of which, including the neck, was 11 50 grain-meafures, I 
added 144 grains of ftandard filver, and immerfed the mouth 
of the retort in water, under an inverted jar filled Vi^ith water, 
to catch the gas which might be extricated. 

The acid began to diflblve the filver with efFervefcence by 
application of heat; the folution became of a violet colour, 
and the quantity of nitrous gas received in the inverted jar was 
14700 grain-meafures. Upon weighing the filver remaining, 
the quantity which had been dilfolved was found to be 7^0 
grains. When water was added to the folution, an effer- 
vefcence appeared, but only a very fmall quantity of gas was 
extricated. By means of the water, a white faline powder of 
filver, foluble in a larger quantity of water, was precipitated 

from 
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fi-om the folution. The folution of filver, when faturated and 
undiluted, congeals readily in cool temperatures, and, when 
diluted to a certain degree with water, gives foliated cryftals. 

23. In the fame apparatus, and in the fame manner, loa 
grain-meafures of this impregnated oil of vitriol were applied 
to iron^ An effervefcence appeared without application of 
heat, the furface of the iron acquired a beautiful rofe colour or 
r^dnefs mixed with purple: and this colour gradually pervaded 
the whole liquor, but difappeared on keeping the retort fome 
time in hot water. Notwithftanding a confiderable apparent 
effervefcence, the quantity of air expelled into the inverted jar 
was only 400 grain-meafures, of which | was nitrous, and 
the reft phlogiflicated. The folution was then poured out of 
the retort, and the iron was found to have loft only two grains 
in weight. The folution was returned into the retort, without 
the iron, and 200 grains of water were added to it ; upon 
which a white powder was immediately precipitated, which 
re-diflblved with great effervefcence. When 2000 grain-mea- 
fures of nitrous gas had been expelled into the inverted jar, 
without application of heat, the retort was placed in the water- 
bath, the heat of which rendered the effervefcence fo ftrong, 
that the liquor boiled over the neck of the retort, fo that the 
quantity of gas extricated could not be afcertained. 

24. In the fame manner 1 1 grains of copper were diflblved 
in 100 grain-meafures of impregnated oil of vitriol. The fo- 
lution was of a deep violet colour, and at laft was turbid. The 
quantity of nitrous gas expelled into the inverted jar during 
the bperation was 4700 grain-meafures. When the copper 
was removed, and 200 grains of water were added to the folu- 
tion, an effervefcence took place, 1700 grahi-meafures of 

C c c 2 nitrous 
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nitrous gas were expelled, and the folutioii then acquired a 
blue colour. 

25, III the fame apparatus and manner, 100 grain-meafures 
of the impregnated oil of vitriol were applied to tin^ which 
was thereby diminiflied in weight 16 grains, while the liquor 
acquired a violet colour, became turbid by the fufpenfion of 
the calx of tin, and a quantity of nitrous gas was thrown into 
the inverted receiver equal to 4100 grain-meafures, without 
application of heat, and another quantity equal to 4900 grain- 
meafures, after the retort was put into the water- bath. 

26. Mercury added to the impregnated oil of vitriol formed 
a thick white turbid liquor, which was rendered clear by addi- 
tion of unimpregnated oil of vitriol. In a little time this 
mixture continuing to a£t on the remaining mercury acquired a 
purple colour. The mercury afted upon funk to the bottom of 
the glafs in the form of a white powder, and the purple liquor^ 
when mixed with a folution of common fait in water, gave no 
appearance of its containing any mercury in a diffolved ftate. 

zy. The nitrous gas with which the oil of vitriol is impreg* 
nated fhews no difpofition to quit the acid by expofure to airi 
but, on adding water to the impregnated acid, the gas is ex- 
pelled fuddenly with great efFervefcence, and with red fumes, 
in confequence of its mixture with the atmofpherical air. 

Upon adding 240 grains of water to 60 grain-meafures of 
impregnated oil of vitriol, 2300 grains of nitrous gas were 
thrown into the receiver ; but as the adion of the two liquors 
is inftantaneous, the quantity of gas expelled from the retort 
before its neck could be immerfed in water, and placed under 
the receiver, mu ft have been confiderable. The whole of the 
gas^ however, was not extricated by means of the water, for 

the 
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the remaining liquor dilTolved 5 grains of copper, while 8co 
meafures of nitrous gas were thrown into the retort. 

28, The following fafts principally are eftabllfhed by the 
preceding experiments. 

1. That a mixture of the vitriolic and nitrous acids in a 
concentrated ftate has a peculiar faculty of difTolving filver 
copioufly, 

2. That it afts upon, and principally calcines, tin, mer* 
cury, and nickel; the latter of which, however, it diColves 
in fmali quantity, and that it has little or no a£lion. 011 other 
metals. 

3. That the quantity of gas produced while the metal is 
diflblving is greater, relatively to the quantity of metal dif- 
folved, when the proportion of nitre to the vitriolic acid is 
fmall than when it is large ; and that when the metals are dif- 
folved by mixtures containing much nitre, and with a fmall 
produftion of gas, thefolution itfelf, or the metalMc fait formed 
in it, yields abundance of gas when mixed with water. 

4* That dilution with water renders the concentrated mix- 
ture lefs capable of diflblving filver, but more capable of ading, 
on other metals. 

5. That this mixture of highly concentrated vitriolic and 
nitrous acids acquires a purple or violet colour when phlogifti- 
cated, either by addition of inflammable fubftances as fulphur^ 
or by its aftion on metals, or by very ilrong impregnation of 
oil of vitriol with nitrous gas *. 

* Dr. Priestley has noticed this colour communicated to oil of vitriol by- 
impregnation with nitrous gas or vapour, and alfo the effervefcence produced by. 
adding water to this impregnated liquor. See Experiments and Obfervations^, 

¥01.111. p. 1219 ^^^ ^7* 
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6. That this phlogiftication was found to communicate to 
the mixture the power of' difiblving, though in fmali quanti'* 
ties, copper, iron, xinc, and regulus of cobalt. 

7. That water expels from a highly phlogifticated mixture of 
concentrated vitriolic and nitrous acids, or of oil of vitriol 
impregnated with nitrous gas, a great part of its contained 
gas ; and that therefore this gas is not capable of being re- 
tained in fuch quantity by dilute as by concentrated acids. 
Water unites with the mixture of oil of vitriol and nitre, 
without any confiderable effervefcence. 

29. To thefe obfervations I iliall fubjoin one other fadt^ 
namely, that, when to the mixture of oil of vitriol with nitre 
a faturated folutlon of common fait in water is added, a power- 
ful aqua regis is produced, capable of diflblving gold and pla* 
tina ; and this aqua regis, though compofed of liquors perfedtly 
colourlefs and free from all metalHc matter, acquires at once a 
bright and deep yellow colour. The addition of dry common 
fait to the concentrated mixtures of vitriolic and nitrous acids 
produces an effervefcence, but not the yellow colour ; for the 
produdion of which therefore a ^certain proportion of water 
ieems to be neceflary^ 



PART IL 

On the precipitation of Jilver from nitrous add by iron, 



SECTION I. 

1. Bergman relates, that upon adding iron to a folution of 
filver in the nitrous acid no precipitation eofued^j although 

* Differt, de Phlog, quantitate ia Metallist 
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the affinity of iron to acids in general is known to be much 
Uronger than that of filver ; and although, even with regard 
to the nitrous acid, other experiments evince the fuperior 
affinity of iron : for as iron precipitates copper from this acid, 
and as copper precipitates filver, we muft infer the greater 
affinity of iron than of filver. In the courfe of his experi- 
ments, however, fome inftances of precipitation occurred^ 
which he attributed to the peculiar quality of the irons which 
he then employed ^. I was defirous of difcovering the circura- 

ftances, 

* Bergman tried many iMereiit kinds of iron, and lie thought he found two 
which were capable of precipitating filver. But as he did not difcover the cir- 
cumftances according to which this precipitation fometimes does,, and at other times 
does not happen, he may have been miftaken with regard to the peculiar quahty 
of thefe two kinds of iron. At leaft the feveral kinds which I have tried always 
precipitated filver in certain circumllances, and always- failed to precipitate in 
certain other circumflances. I do not know any other author who has men- 
tioned this fubje6l, excepting Mr. Kirwan ; who, in the conclufion of his 
yalaable Papers on the AttraBive Powers of Mineral Adds,, fays, '* I have always 
*^ found filver to be eafily precipitated from its folution in the nitrbus acid by iron. 
*' The fum of the quiefcent aiEnities being 625, and that of the divellent 746*. 
'' Yet Mr. Bergman obferved, that a very faturated folution of filver was very 
^^ difficultly precipitated, and only by fome forts of iron, even- though the folution 
*« was diluted, and an excefs of acid, added to it. The reafon of this curious 
" ph^TUomenon appears to me deducible from a clrcumftance firft obferved by 
*« ScHEELE, in dilTolving mercury, namely, that the nitrous acid when faturated 
« with it will take up more of it in its metallic form. The feme thing happens 
*' in dilTolving filver in the nitrous a^jd in a flrong heat ; for,- as I before 
«* remarked, the lafl portions of filver thrown in afford no air, and- confequently 
«' are not dephlogifticated. Now this compound of calx of filver, and filver in 
*' its metallic form, may well be unprecipitable by iron, the filver in its metallic 
*' form preventing the calx from coming into contact with the iron, and extra6ting 
" phlogiflon from it.'' In this Paper I lliall not enter intp the explanation of 
thefe appearances; but I thought it neceflary to premife what fo eminent a che- 
mift as Mr. Kirwan has fuggefted on the fubjed, that the reader may fee at once 
tbe pr^fcnt ftate o^f the queflion, I fliall only remark, that the above explana- 
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fiances, and of inveftigating the caiife, if I iliould be able, of 
this irregularity and exception to the generally received laws of 
affinity. 

2. I digefted a piece of fine filver in pure and pale nitrous 
acid, and while the diflbiution was going on, and before the 
faturation was completed, I poured a portion of the folutiou 
upon pieces of clean and newly-fcraped iron wire into a wine 
glafs, and obferved a fudden and copious precipitation of filver* 
The precipitate wa^s at firft black, then it affumed the appear- 
ance of filver, and was five or fix times larger in diameter than 
the piece of iron wire which it enveloped* The a£lion of the 
acid on the iron continued fome little time, and then it ceafed ; 
the filver re-diiSblved, the liquor became clear, and the iron 
remained bright and undifturbed in the fblution at the bottom 
of the w^ine glafs, where it continued during feveral weeksj^ 
without fufFering any change, or efFefting any precipitation of 
the filver, 

3. When the folutlon of filver was completely faturated, it 
was no longer afFeded by iron, according to Bergman's 
obfervation* 

4. Having found that the folution a^led on the iron, and 
was thereby precipitated, before it had been faturated, and not 
afterwards, I was defirous of knowing, whether x\\q faturation 
was the circumftance which prevented the adion and precipita^ 
tion. For this purpofe, I added to a portion of the faturated 
folution fome of the fame nitrous acid, of which a part had 
been employed to difiTolve the filver ; and into this mixture, 

tion, not being founded on any peculiarity in the nature of iron, feems to fup- 
pofe, that the illver is alfo incapable of being precipitated, from fuch folutions as 
iron cannot a6l upon, by any other metal. But this is not the cafe: copper and 
fine readily precipitate filver from thefe folutions* 

abounding 
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abounding with a fuperftuous acid, I threw a piece of Iron, 
but no precipitation occurred* It was thence evident, that the 
faturation of the acid was not the only circumftance which 
prevented the precipitation. 

5. To another portion of the faturated folution of filver I 
added fome red fmoking nitrous acid ; and I foun4^ upon trials 
that iron precipitated the filver from this mixture, and that the 
fame appearances were exhibited as had been obferved with the 
folution previoufly to its faturation. 

6. The fame effefts were produced when vitriolic acid .was 
added to the faturated folution of filver, and iron afterwards 
applied. 

7. To fome of the fame nitrous acid, of which a part had 
been employed to diflblve the filver, I added a piece of iron ; 
and, while the iron was diflblving, I poured into the liquor 
fome of the faturated folution of filver ; upon which a preci- 
pitation of filver took place inftantly ; although, when the 
fame acid had been previoufly miked with the folution of filver, 
and the iron was then added to the mixture, no precipitation 
had enfued* 

8. The quantity of vitriolic acid, or of the red fuming ni- 
trous acid, neceflfary to communicate to the faturated folution 
of filver the property of being afted on by iron, varies accord- 
ing to the concentration, and to the degree of phlogiftication 
of the acids added ; fo that a lefs quantity than is fufficient 
does not produce any apparent efFeft. Neverthelefs, when the 
folution of filver is by addition of thefe acids brought nearly to 
a precipitable ftate, the addition of fpirit of wine will, in a 
little time, render it capable of ading on iron* 
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g. It appears then, that a folutioa of filver is not precipi- 
tated by iron in cold, unlefs it have a fuperabundance of phlo- 
gifticated acid *. 

10. Heat afFefts the adion of a folution of filver on iron : 
for if iron be digefted with heat, in a perfectly faturated folu- 
tion of filver, fuch as a folution of cryftals of nitre of filver 
in water, the filver will be depofited in its bright metallic 
flate on different parts of the iron, and the iron which has 
been a£led on by the folution appears in form of a yellow 
ochre. 

I r. Bergman relates, that he has fometimes obferved 
beautiful cryftallizations or vegetations of metallic filver formed 
on pieces of iron immerfed long in a folution of filver. 

I have found that no time is able to effeft this depofition, un- 
lefs the folution be in a flate nearly fufficiently phlogifticated 
to admit of a precipitation by iron, but not completely phlo- 
gifticated enough to efFe£t that purpofe immediately, 

12. Dilution with a great deal of water feemed to difpofe 
the folutions of filver to be precipitated by iron more eafily. 

^ It was faid, at § 4, that the addition of dephlogiilicated nitrous acid to a 
faturated folution of filver did not render this folution precipitable by iron. 
fSTeverthelefs, as this acid difTolves iron, fuch a quantity may be added, as to 
overcome the countera6ting quality of the folution of filver, fo that the acid 
Hiall be able to a«St on the iron ; and while this metal is diffolving, it phlogifiicates 
the mixture, which then becomes capable of being precipitated, and is in fad 
reduced to the fame circumllances /as are defcribed at § 7. The limits of the 
quantities which produce changes cannot be afcertained, becaufe they depend on 
the degrees of concentration and phlogiHication of the fubftances employed ; 
and therefore, whenever a change is faid to be produced by a certain fubflance, it 
means that it may be produced by fame proportion, but does not imply by every 
proportion, of that fubflance« Without attending to thefe confiderations, perfons 
trying to repeat the experiments mentioned in this Paper will be liable to be 
deceived* 

7 A folution 
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A foiution of filver, which did not ad on iron, upon being 
very miieh diluted, and having a piece of iron immcried in it, 
during feveral hours, gave a precipitate of filverinthe form of 
a black powder. 
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On the alter atmis which iron or itsfurface undergoes by the aclion 
of a foiution of f her in nitrous acid, or of a pure concentrated 
nitrous acid* 

13. It has been laid, that when iron is expofed to the adioa 
of a phlogifticated fokition of filver, it inftantly precipitates 
the filver, is itfeif a£led upon or diColved by the acid foiution 
during a certain time, langer or fhorter^ according to the de~ 
gree of phlogiftication, quantity of fuperabundant acid, and 
other* circumftances, and that at length the foiution of the 
iron ceafes; the filver precipitate is re-diffoved, if there is fu- 
perfluous acid; tlie liquor becomes clear again, but only ren* 
dered a little hrowner by its having diflblved fome iron; 
while the piece of iron remains bright and undifturbed at the 
bottom of the Hquor, where it is no longer able to afFed the 

iHution of filver. 

14. I poured a part of the phlogifticated foiution of filver 
which had pafled through thefe changes, and which had 
ceafed to ad upon the piece of iron, into another glafs, and 
dropped another piece of frefh iron wire into the liquor ; upon 
which I obforved a precipitation of filver, a foiution of part of 
the iron, a rediffolution of the precipitated filver, and a ceflk- 
tion of all thefe phaenomena, with the iron remaining bright 
and quiet at the bottom of the liquor, as before. It appeared 
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then, that the liquor had not loll: its power of adting on frefi 
iron, although it ceafed to a6l on that piece which had been 
expofed to it. 

15, To one of the pieces of iron which had been employed 
in the precipitation of a folution of filver, and from which 
the folution, no longer capable of ading upon it, had been 
poured off, I added fome phlogifticated folution of filver which 
had never been expofed to the aclion of iron, but no precipi- 
tation happened. It appeared then, that the iron itfelf, by 
having been once employed to precipitate a folution of filver, 
was rendered incapable of any further adlion on any folution 
of filver. And it is to be obferved, that this alteration was 
produced without the leaft diminution of its metallic fplen- 
dour, or change of colour. The alteration, however, was 
only fuperficial, as may be fuppofed ; for by fcraping off its 
altered coat, it was again rendered capable of a£ling on a folu- 
tion of filver. To avoid circumlocution, I fhall call iron thus 
affefted, altered iron; and iron which is clean, and has not 
been altered, frejh iron. 

16. To a phlogiflicated folution of iilver, in which a piece 
of bright altered iron lay, without adliion, I added a piece of 
freflh iron, which was inflantly enveloped with a mafs of pre- 
cipitated filver, and aded on as ufual ; but what is very 
remarkable, in about a quarter of a minute, or lefs, the 
altered iron fuddenly was covered with another coat of 
precipitated filver, and was now afted on by the acid folution 
like the fre(h piece. In a little time the filver precipitate was 
re-diffolved, as ufual, and the two pieces of iron were reduced 
to an altered ftate. When a frejfh piece of iron was then held 
in the liquor, fo as not to touch the two pieces of altered .iron^ 
they were neverthelefs foon aded upon by the acid folution^, 
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and fuddenly covered with filver precipitate as befbrei and 
thefe phaenomena may be repeated with the fame folution of 
iilver, until the fuperfluous acid of the folution becomes fa- 
turated by the iron, and then the re-diffolution of the precipi- 
tated filver muil: ceafe. 

17. I poured fome dephlogifticated nitrous acid on a piece 
of altered iron, without any aftion enfuing, although this acid 
readily a6led on frefh iron, and when to the dephloglfticated 
nitrous acid, with a piece of altered iron lying immerfed in it> 
I added a piece of frefh irou, this immediately began to dif- 
folve, and foon afterwards the altered iron was afted on alfo 
by the acid. 

18. I poured upon a piece of altered iron a folution of cop- 
per in nitrous acid ; but the copper was not precipitated by the 
iron ; neither did this iron precipitate copper from a folution of 

blue vitrioL 

19. Altered iron was a£led on by a dilute phlogifticated ni- 
trous acid; but not by a red concentrated acid, which is 
known to be highly phlogifticated. 

20. I put fome pieces of clean frefh iron wire into a con- 
centrated and red fuming nitrous acid. No apparent action 
enfued ; but the iron was found to be altered in the fame man- 
ner as it is by a folution of filver; that is, it was rendered 
incapable of being attacked either by a phlogifticated folution 
of filver, or by dephlogiflicated nitrous acid. 

21. Iron was alfo altered by being immerfed fome little 
time in a faturated folution of filver, which did not fliew any 

vifible aftion on it. 

22. The alteration thus produced on tSie iron is very fuper- 
ficial. The leafl rubbing expofes fome of the frefh iron be- 
neath 
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iieath the furface^ and thus fubjeits \X to the adion of the 
acid. 

It IS therefore with difficulty that thefe pieces of altered 
iron can be dried^ without lofing their peculiar property. For 
this reafon, I generally transferred them out of the folution of 
iilver or concentrated nitrous acid into any other liquor, the 
effeds of which I wanted to examine. Or they may be 
transferred firft into a glafs of water^ and thertce into the 
liquor to be examined. But it is to be obferved, that if they 
are allowed to remain long in the water, they lofe their pecu- 
liar property or alteration. They may be preferved in their 
altered ftate by being kept in fpirit of fal ammoniac. 

23. To a faturated folution of copper in nitrous acid (which 
was capable of being readily precipitated by frefli iron) I added 
fome faturated folution of fiiver. From this mixture a piece 
of frefti iron neither precipitated fiiver nor copper : nor did the 
addition of fome dephlogifticated nitrous acid effed this pre- 
cipitation. 

24. A folution of copper, formed by precipitating fiiver 
from nitrous acid by means of copper, was very reludantly and 
llowly precipitated by a piece of frefli iron ; and the iron thus 
afted on by the acid was changed to an ochre. 

25. A faturated folution of fiiver having been partly preci- 
pitated by copper, acquired the property of ading upon frefli 
iron, and of being thereby precipitated. 

26. FreOi iron immerfed fome time in folutions of nitre of 
lead, or of nitre of mercury in water, did not occafion any 
precipitation of the difTolved metals ; but acquired an altered 
quality, Thefe metals then in this refped refepable fiiver. 

27. It is well known, that a folution of martial vitriol^ 
added to a folution of gold in aqua jregis^ precipitates the gold 
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in its metallie ftate. I do not recolle£t, that the precipitation 
of a folution of filver by the fame martial vitriol has been ob- 
ferved. However, upon pouring a folution of martial vitriol 
into a folution of filver in the nitrous acid, a precipitate will 
be thrown down, which acquires in a few minutes more and 
mote of a metallic appearance, and is indeed perfed filvert 
When the two folutions are pretty concentrated, a bright ar- 
gentine film fwims on the.furface of the mixture, or filvers 
the fides of the glafs in which the experiment is made. When 
a phlogifticated folution of filver is ufed, the mixture is black- 
ened, as happens generally to a folution of martial vitriol^ 
when a phlogifticated nitrous acid is added to it. 

I added about equal parts of water to a mixture of a phlo- 
gifticatcd folution of filver and a folution of martial vitriol, in 
which all thQ fiker had been precipitated, and digefled the 
diluted mixture with heat, by which means mofi: of the pre- 
cipitated filver was re-dififolved. Bergman has obferved a 
fimilar re-diffblution of gold precipitated by martial vitriol upon 
boiling the mixture ; but he attributes the re-diflblution to the 
concentration of the aqua regis by the evaporation. As this 
explanation did not accord with my notions, I diluted the mix- 
ture with water, and found that the fame re-diflTolution occur- 
red both with the folution of filver and with that of gold. 
But with neither of the metals did I find that the re-diffolution 
ever took place, unlefs there had been a fuperabundant acid 
in the folutions of gold and filver employed. 

28. Mercury is alfo precipitated in its metallic ftate from its 
folution in nitrous acid by a folution of martial vitriol. When 
the liquor is poured off from the precipitate, this may be 
changed into running mercury by being dried near the fire. 

29. 
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29. I found alfo, that filler may be precipitated in its me* 
tallic ftate, from its folution m vitriolic acid, by addition of 
a folution of martial vitriol. A vitriol of mercury may alfo 
be decompounded by a folution of martial vitriol, and the mer- 
curial precipitate, which is a black powder, form^ globules, 
when dried and warmed, 

30. Luna cornea is not decompounded by martial vitriol; 
confequently there is no operation of a double affinity. Never* 
thelefs, this luna cornea may be decompounded by the elements 
of martial vitriol, while they are in the a6l of diflblution ; 
that isj the filver may be precipitated in its metallic ftate, by 
digefting luna cornea with a dilute vitriolic acid, to which 
fome pieces of iron are added. And it is to be obferved, tthat 
this redufilion of the iilver and precipitation take place, while 
the acid is yet unfaturated. Marine acid and iron applied to 
luna cornea effe£l the fame reduction of the iilver to a metallic 
flate, even when there is more acid than is fufficient for both 
metals. 

The explanation of thefe phaenomena will be attempted in 
the fubfequent Papers which I propofe to prefent on this fub- 
je£t to the Society. 




